Tardive dystonia is an iatrogenic complication of dopamine receptor antagonist medication such as first-generation antipsychotics. It occurs in up to 2% of patients and only 10% recover after stopping medication. Deep brain stimulation for primary dystonia has proven to be effective and its application for secondary dystonias is gaining acceptance. We report our experience in treating three ethnic Chinese schizophrenia patients with severe medically refractory tardive dystonia by globus pallidus internus deep brain stimulation. Preoperatively, all required assistance with essential activities of daily living and two were bed-bound. The mean Burke-Fahn-Marsden Dystonia Rating Scale score was 61 (range, 44-80) and mean Global Dystonia Rating Scale score was 47 (range, 40-52). No procedure-related complications were encountered. By 3 months all could return to unassisted living and walk with support with a mean of 77% and 66% improvement in the Burke-Fahn-Marsden Dystonia Rating Scale and Global Dystonia Rating Scale scores, respectively. Quality-of-life assessment performed for two patients using the EuroQol-5 dimensions visual analogue scale showed a mean improvement of 86% at 3 months. On clinical follow-up, the effect
Introduction
Tardive dystonia (TD) is an iatrogenic extrapyramidal movement disorder caused by the use of dopamine receptor antagonists (DRAs). Antipsychotic medications, especially belonging to the first-generation class, are typically responsible for the condition. 1 The reported prevalence of this adverse drug reaction among adults varies from 1% to 2% and only 10% of patients recover after medication termination. 2 The latency of onset could range from several days to 20 years. 3 Initial management strategies include withdrawal of the offending antipsychotic, switching to a second-generation antipsychotic such as clozapine, and suppressive therapies such as benzodiazepines or tetrabenazine, but none has demonstrable efficacy. 3 In recent years deep brain stimulation (DBS) of the globus pallidus interna (GPi) has proven to be effective for secondary dystonias such as TD. [4] [5] [6] [7] We report our experience with using DBS for treating three young ethnic Chinese patients with severe TD refractory to pharmacological management.
Case reports

Clinical assessment
Three paranoid schizophrenia patients were referred by psychiatrists for TD satisfying the proposed diagnostic criteria by Adityanjee et al. 2 All three patients were managed by the Movement Disorder Group, Division of Neurosurgery, Department of Surgery and Department of Medicine and Therapeutics, Prince of Wales Hospital, Hong Kong. Despite withdrawal of the antipsychotic responsible for the condition, and switching to second-generation CASE REPORT was well maintained for a period of 3 to 10 years. Pallidal deep brain stimulation is a safe and highly effective form of symptomatic treatment for patients with medically refractory tardive dystonia. Quality of life (QoL) assessments were performed for two of the patients, preoperatively and 3 months postoperatively, using the Chinese-version validated EuroQoL-5 dimensions (EQ-5D) instrument. 10 This instrument serves as a basis for comparing health outcomes using a basic 'common core' of health-related QoL characteristics. The dimensions covered were mobility, self-care, usual activities, pain/discomfort, and anxiety or depression. 11 After targeted questioning of these five domains, the patient was required to report on a visual analogue scale (VAS) from a score of zero (worst imaginable health state) to 100 (best imaginable health state).
蒼白球深層腦部刺激術：一種治療遲發性肌張力 障礙華籍患者的有效方法
Operative procedure
We performed frame-based stereotaxy using the Leksell coordinate frame and multipurpose stereotactic arc system (Elekta AB, Stockholm, Sweden). The target was set at the ventroposterior part of GPi. The target coordinates were 19 mm lateral to the inter-commissural line (from the anterior commissure to the posterior commissure [AC-PC line]), 2 mm anterior to the mid-commissural point, and 4 mm inferior to the AC-PC line. The trajectory on the coronal view was 0 degree from the midsagittal plane. On sagittal view, it was 60 degrees from the AC-PC line.
The operation was performed under local anaesthesia for patients 1 
Results
Patients' mean age was 41 years, ranging from 28 to 49 years with a mean duration of antipsychotic exposure of 3.7 years. Patients 2 and 3 received first-generation antipsychotics and patient 1 was administered second-generation medication. Preoperatively, all patients required either assisted living or was homebound. The craniospinal regions were the most seriously affected regions and all demonstrated opisthotonus and retrocollis. Chronic rhythmic neck hyperextension movements resulted in premature cervical spondylosis, and patients 1 and 3 required nasogastric tube feeding. At the time of surgery, all were unable to walk independently. The mean preoperative BFMDRS score was 61, ranging from 44 to 80, and mean GDS score was 47, ranging from 40 to 52. There were no treatment-related complications and the procedure was well tolerated. As expected, there was no minimal response before stimulation but after pulse generator activation, marked amelioration of dystonic symptoms was observed. The stimulation settings were set at monopolar mode (anodal case and cathodal target contact) and are presented in Table 2 . Notable improvement was found in patients 2 and 3 within the first week. In that week, the mean BFMDRS score decreased by over 30%. By 3 months, all patients reached a stable state with a mean of 77% and 66% improvement in the BFMDRS and the GDS scores, respectively. Patients 1 and 3 overcame dysphagia to resume oral dietary intake and all patients were able to perform basic activities of daily living without assistance. No psychiatric side-effects were detected. Patients 2 and 3 experienced an improvement in QoL as reflected by a mean increase in the EQ-5D VAS score by 86% (Table 2 ).
Discussion
Tardive dystonia is an iatrogenic complication belonging to a group of DRA-induced movement disorders known as the tardive syndromes. Although it may co-exist with tardive dyskinesia, TD is a distinct condition with different epidemiology, clinical features, prognosis, and treatment outcome. 3 Literature shows a higher prevalence of TD in men than in women, with a male-to-female ratio of 2.4:1, and a mean age of onset of 36 years. 2 The firstgeneration antipsychotics such as chlorpromazine, flupenthixol, and haloperidol are the strongest aetiological factors although second-generation medications and antiemetics such as metoclopramide have also been implicated. 1, 2 Although the mean duration of medication exposure varies from 3.3 to 6.6 years, there does not appear to be a minimal 'safe' period and symptom onset can occur as early as within days or weeks. 1 In this report, all patients fulfilled Adityanjee et al's diagnostic criteria 2 for TD, namely, (1) chronic dystonia characterised by sustained, stereotypical involuntary muscle contractions or posture; (2) dystonia developing during or within 2 months' discontinuation of treatment with DRAs; (3) other secondary dystonias adequately ruled out, and (4) a negative family history for dystonia. The onset of symptoms is insidious initially, involving one body region and, typically, progressing to segmental, ie craniocervical, or generalised dystonia. Torticollis or retrocollis is characteristic of TD and chronic repetitive movements could result in spondylotic myelopathy or even fractures. 12 Truncal involvement manifests as opisthotonus and, in the severest of cases, patients could become bed-bound, reduced to a state of dependency. 2 In contrast to classic orobuccolingual tardive dyskinesia, TD is largely irreversible with 90% of patients failing to achieve remission at a mean follow-up of 6.6 years. 13 The limitations of medical treatment reflect incomplete understanding of the complex pathophysiology of TD. Multiple theories have been proposed of which the most prominent describe postsynaptic dopamine receptor hypersensitivity, degeneration of striatal cholinergic neurons, and gamma-amino-butyric acid-containing neurons. 13 In contrast, the success of pallidal DBS in the treatment of primary dystonias led to its adoption for secondary dystonias such as TD. [5] [6] [7] 14, 15 In this series we demonstrate a significant beneficial effect for medically refractory TD where rapid remarkable improvements in motor symptoms were observed within days without exacerbation of psychiatric symptoms. Our results are in agreement with other DBS outcome trials for TD. A systematic review of 17 studies involving 50 TD patients concluded that pallidal stimulation led to a mean improvement in BFMDRS scores by 77.5% (95% confidence interval, 71.4%-83.3%). 4 The motor benefits are sustainable with a documented duration of 41 months (range, 18-80 months). 5, 7, 16 Long-term responses for 8 to 10 years have also been reported. 6, 17 Although most data were from case studies or small trials, our experience supports DBS as an effective and safe surgical treatment modality that can considerably improve QoL.
Involuntary dystonic movement imposes unique technical difficulties not only for obtaining preoperative brain scans of acceptable quality, but also for performing the actual surgery. Sedation or general anaesthesia may be needed for such procedures as was needed in our patient 3. Furthermore, correct choice of anaesthetic drug is critical for successful MER. For example, propofol was found to affect the recording quality of the subthalamic nucleus of Parkinson's disease patients. 18 To overcome this interference, lower doses of propofol were used; these proved to be equally feasible to perform MER under general anaesthesia. 19, 20 Due to the relatively rapid offset action of intravenous propofol, after 10 minutes of cessation, we were able to observe the characteristic mean discharge frequencies of 20 to 40 Hz at the GPi target. The discharge pattern qualities were similar to those of the other two patients for whom the procedure was performed under local anaesthesia. Our experience demonstrates that in severely dystonic patients, total intravenous general anaesthesia with propofol can produce comparable clinical outcomes.
In 2014, patient 1 has received DBS for 10 years. In that period, she was capable of performing daily activities at home without assistance and was considered to have dystonia remission. However, when the pulse generator battery approached its end-of-life state, 2 years after implantation, segmental dystonia reappeared over the neck and hand regions. Her BFMDRS score rapidly rose from 0 to 23 within a week. The symptoms were relieved after battery replacement. The high voltage and pulse width requirements in GPi stimulation for TD can considerably shorten battery longevity (Kinetra; Medtronic) to an average of 2 years. The introduction of a non-invasive transcutaneous rechargeable battery system (Activa; Medtronic, Minneapolis [MN] , US) with a 9-year life span is an improved solution to frequent replacements. Not only is it more cost-effective in terms of overall battery costs, but also reduces the number of surgical procedures. All three patients are currently implanted with this new device. The daily recharging process was convenient and non-disruptive, and the pulse generator performance was as effective as the non-rechargeable counterparts. With these encouraging results, we have continued to provide DBS as treatment for patients with refractory TD. Two more cases were treated in 2013 and 2014, respectively, with results as good as those in the three cases reported here.
Conclusion
Medically refractory TD is a disabling and essentially irreversible condition that can be successfully managed by pallidal DBS. There is a need to conduct multicentre trials to reliably assess and define appropriate selection criteria for DBS as a new therapeutic option. In our series, response to stimulation can be observed as soon as within 1 week. Our patients experienced remarkable alleviation of dystonia symptoms at 3 months enabling them to return to performing daily activities without assistance, with no additional psychiatric sideeffects. On clinical follow-up, the effect was well maintained for a period of 3 to 10 years.
